OBJECTIVE: To determine the relation of skeletal body build and obesity to blood pressure and the prevalence of hypertension. DESIGN: Cross-sectional data obtained from the baseline recruitment of the EPIC-Potsdam Study, which is part of the European Prospective Investigation into Cancer and Nutrition (EPIC). SUBJECTS: A total of 10 303 subjects (4387 men, aged 40 ± 65 y and 5916 women, aged 35 ± 65 y) were recruited between January 1995 and July 1996. MEASUREMENTS: Anthropometric measures included body mass index (BMI), waist-hip ratio (WHR) and metrik index (MIX) as a measure of body build that is derived from the relation of chest depth and breadth to body height. Systolic and diastolic blood pressure was obtained using automatic oscillometric devices. Hypertension was de®ned as blood pressure !160a95 mmHg or current use of antihypertensive medication. Information on lifestyle factors were obtained by personal interview. STATISTICAL ANALYSIS: Logistic regression was used to de®ne the association of categories of BMI, WHR, and MIX and the prevalence of hypertension. Odds ratios (ORs) of being hypertensive were estimated comparing the highest to the lowest quintile, adjusting for age, smoking status, alcohol intake level, educational attainment, physical activity categories, and each of the anthropometric variables. RESULTS: The simultaneously adjusted OR of being hypertensive, comparing the highest vs the lowest category, was for BMI 2.3 (95% con®dence interval (CI) 1.6 ± 3.2) in men and 1.8 (95% CI 1.4 ± 2.5) in women, for WHR 1.8 (95% CI 1.4 ± 2.4) in men and 1.5 (95% CI 1.2 ± 2.0) in women, and for MIX (largest chest size vs lowest chest size relative to body height) 2.0 (95% CI 1.4 ± 2.8) in men and 2.2 (95% CI 1.6 ± 3.1) in women. CONCLUSION: In addition to measures of overall obesity (BMI) as well as central obesity (WHR), skeletal body build (MIX) was independently associated with the prevalence of hypertension. The biological mechanism relating MIX to hypertension, however, is still unclear and needs further exploration.
Introduction
Obesity, and especially central obesity, have long been recognized as important risk factors for a large array of diseases, such as metabolic disorders and cardiovascular disease. 1 ± 8 However, studies investigating the association of obesity with cardiovascular disease (CVD) have shown con¯icting results. 9 ± 11 This inconsistency of ®ndings may have been due to the inability to correctly identify those obese people who are at particularly high risk for developing consequential diseases. 12 Therefore, in addition to descriptors of body composition and fat distribution, possible in¯uences of body build on disease development were considered. Investigations into the relationship between disease and physique have a long tradition 13 ± 17 and strengthened the hypothesis that body build indices are linked to traits like hypertension or other cardiovascular diseases. 18 The current analysis was conducted to examine the in¯uence of the metrik index (MIX) as a measure of skeletal body build in addition to traditional measurements of obesity, such as body mass index (BMI) and waist-hip ratio (WHR), on blood pressure and the prevalence of hypertension.
Methods

Study design
EPIC (European Prospective Investigation into Cancer and Nutrition) is a large prospective cohort study with approximately 400 000 participants, conducted in nine European countries. 19, 20 Its component EPIC-Heart aims at the elucidation of nutrition related risk factors for fatal myocardial infarction and sudden death. Therefore, blood pressure measurements were included in the baseline examinations for the cohort. The presented analysis has a cross-sectional design using data from the baseline recruitment of the EPICPotsdam Study. Participants were recruited from a random sample of the general population via a population registry. Selection criteria were age (for women 35 ± 65 y and for men 40 ± 65 y) and residency in, or adjacent to, the city of Potsdam, Germany. Potential participants were invited to the Potsdam study centre by mail, resulting in an overall participation rate of about 35%.
Study population
The study population comprised 10 366 persons recruited from 1 January 1995 ± 30 June 1996 for the EPIC-Potsdam Study. Due to missing values of anthropometric measures or blood pressure measurement, 63 subjects were excluded from the analysis. Thus, the ®nal study population for analysis consisted of 10 303 subjects, 5916 women and 4387 men.
For the study, informed consent was obtained from all participants. Approval for all study procedures was given by the Ethical Committee of the State of Brandenburg, Germany.
Data assessment methods
Anthropometric measurements were performed with the subjects wearing light underwear using instruments under permanent precision control by trained and quality monitored staff. Body weight was measured with an electronic scale (Soehnle, type 7720a23, Murrhardt, Germany) accurate to 100 g; height was measured to the nearest 0.1 cm using a¯exible anthropometer. Waist and hip circumference assessment was performed in a standing position and recorded to the nearest 0.5 cm using a non-stretching tape. Waist circumference was measured midway between the lower rib margin and the superior iliac spine. Hip circumference was taken at the widest point over the greater trochanters. Upper arm circumference was measured at the midpoint of the right upper arm. Chest breadth and chest depth were measured with a large spreading caliper to the nearest mm in the stationary phase between inspiration and expiration. With the subjects standing in a natural position, chest breadth measurement was performed on the sixth rib in the midaxillary line. Chest depth was measured in the same body position with the tips of the caliper at the fourth costal ± sternal junction and the spinous process of the vertebra that is in the same horizontal plane.
BMI was calculated as weight(kg)aheight(m 2 ), WHR as waist circumference (cm)ahip circumference (cm). Overweight was de®ned as BMI !25, severe overweight as BMI !30. Central obesity was de®ned in men as WHR b 1.0, and in women as WHR b 0.85. MIX was used as a measure of body build, describing the relation of body height as a descriptor for vertical growth tendency to dimensions of the skeletal chest as a descriptor for the horizontal growth tendency. The relation between these two components of growth tendency is considered to re¯ect body build. 21 Kretschmer 22 examined this concept of body build and identi®ed four body build types, which were named`asthenic',`dyplastic', pyknic' and`leptosomic'. Further development of this concept by Stro Èmgren 23 and Conrad 24 resulted in the evolution of the MIX. Based on a representative East German population sample, Greil 25 further modi®ed the MIX and generated the gender speci®c formulas used in this study. MIX is derived from the following regression formulas containing body height, chest breadth and chest depth: MIX (men) 70.365 7(0.040 Â height) (0.125 Â chest depth) (0.154 Â chest breadth); MIX (women) 72.6547 (0.035 Â height) (0.164 Â chest depth) (0.180 Â chest breadth).
Blood pressure was measured on the right arm of each participant in an upright sitting position after at least 15 min rest, three times consecutively, with 2 min between measurements. The measurement was performed by trained interviewers with an automated oscillometric device (Boso, Jungingen, Germany Oscillomat 1 ). A regular cuff size (12 cmÂ23 cm) was used in subjects with an upper arm circumference of 40 cm, a large cuff size (15 cmÂ33 cm) was used for those with upper arm circumferences b 40 cm. Both measurement procedure and devices were periodically checked for performance and technical correctness. For data analysis of the blood pressure values, the mean of the second and third measurement was used. Hypertension was de®ned as systolic blood pressure !160 mmHg andaor diastolic blood pressure !95 mmHg. Subjects on antihypertensive medication, taking either b-blocker, calcium antagonists or diuretics were considered to be hypertensive irrespective of their measured blood pressure values (n 1986).
Information on smoking habits, physical activity, current medication and prevalent diseases were obtained through personal, computer-guided interviews. Mean alcohol intake per day was assessed by a 148-item semiquantitative food frequency questionnaire. 26 Educational attainment was ascertained by a self-administered lifestyle questionnaire. Smoking status was de®ned as current smoker, ex-smoker, and never-smoker. Physical activity level was ranked into three categories, based on the time of all sporting activities plus cycling and walking during summer and winter of the year prior to the interview. Low level activity was de®ned as`7 h of physical activity per week, high physical activity was de®ned as b 14 h per week. Educational attainment levels were de®ned as vocational school or lower degree, trade or technical school, and university degree. Mean alcohol intake per day was categorized into high, medium, and low intake, using the following gender-speci®c cutpoints:`10 g, 10 ± 30 g, !30 g alcohol per day in men;`5 g, 5 ± 20 g, !20 g alcohol per day in women.
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Statistical analysis
All analyses were performed for women and men separately. Systolic and diastolic blood pressure were plotted against BMI, WHR and MIX, and Pearson correlation coef®cients were calculated. The odds of being hypertensive by quintiles of WHR, BMI and MIX were de®ned from odds ratio (OR) coef®-cients and 95% con®dence interval (CI) using logistic regression. The ®rst logistic regression models included age and one anthropometric variable as independent variable at a time. The more extended models included all anthropometric variables simultaneously and additionally their interaction terms. No signi®cant interactions (P 0.01) were observed. In order to explore other possible confounding variables, subscapular skinfold thickness and upper arm circumference were each added to the logistic regression models. Subscapular skinfold thickness did not add signi®cant explanation to the statistical model and did not substantially change the risk estimates for MIX and was therefore excluded from further analysis. Also upper arm circumference did not change signi®-cantly the risk estimates for MIX and was therefore not included in the ®nal model. The ®nal logistic model comprised WHR, BMI, MIX, age, alcohol-intake group, smoking status, education level and physical-activity level, as independent variables. Two-sided P-values for trend across ORs from the lowest to the highest quintiles were assessed for BMI, WHR and MIX. Statistical analysis was performed using SAS 1 (SAS Institute, Cary, NC, USA) statistical software package version 6.10. Table 1 presents mean values and percentages for the main variables of the study population by disease status. Overall, 30% of the study population was found to be hypertensive, 36% of the men and 25% of the women. Among those considered to be hypertensive 56% of the men and 74% of the women were using antihypertensive medication. Overweight was present in 22% of the men and 33% of the women. Severe overweight was observed in 8% of the men and 16% of the women, respectively. Central obesity was present in 17% of the men and in 18% of the women.
Results
MIX values ranged from close to 72, depicting a tall and slim body build, labeled leptomorphic, to values close to 2, depicting a short and thick body shape, labeled pyknomorphic. Women had a mean MIX of 70.47, indicating a slight tendency within this study population towards a leptomorphic type compared to the reference population. 25 Men had a mean MIX of 0.05, re¯ecting an intermediate body build type between leptomorphic and pyknomorphic body build compared to the reference population.
For those subjects not taking antihypertensive medication, the relationship of systolic and diastolic blood pressure with BMI, WHR and MIX was investigated. In Figure 1 , Figure 2 , Figure 3 and Figure 4 , MIX was plotted against systolic and diatolic blood pressure for men and women, respectively. Each of the anthropometric indices was positively and highly signi®cantly (P 0.0001) related to both systolic and diastolic blood pressure, with correlation coef®cients ranging from 0.29 ± 0.33 for BMI, and from 0.22 ± 0.29 for WHR.
Comparison of normotensive and hypertensive men and women with respect to other health related variables revealed signi®cant differences for alcohol intake levels, smoking status and educational attainment for both sexes. Physical activity levels were only found in women to be signi®cantly different between hypertensives and normotensives (data not presented).
The prevalence of hypertension by quintiles of MIX steadily increased from the lowest to the highest quintiles. For men, the prevalence increased from 18% in the lowest quintile to 58% in the highest quintile, and for women the prevalence of hypertension increased from 11% in the lowest quintile to 48% in the highest quintile. Table 2 presents the age-adjusted odds ratios for the prevalence of hypertension for the quintiles of each of the anthropometric variables. In both sexes the ORs signi®cantly increased across quintiles with increasing (Table 3) . BMI was the strongest predictor for hypertension status in men followed by MIX, whereas in women MIX was the strongest correlate followed by BMI.
Discussion
Measures of overall obesity (BMI), body fat distribution (WHR) and body build (MIX) were found to be strongly and independently related to the prevalence of hypertension. In both sexes a highly signi®cant increase in risk was observed across quintiles for BMI, WHR and MIX, which remained signi®cant Body build, obesity and hypertension A Kroke et al even after controlling for each other and age, smoking status, educational attainment, physical activity and alcohol intake level.
In recent years most studies analyzing the association of anthropometric features with blood pressure or hypertension have focused on measures of obesity and fat distribution. Indices of skeletal body build with regard to blood pressure were only occasionally investigated. 27, 28 This study was to our knowledge the ®rst using MIX. Research into associations of blood pressure with measures of thorax dimensions and body height to delineate body build date back to the 1940's. Robinson and Brucer 27 performed a study describing the relationship between skeletal body build and blood pressure. The authors observed an increasing systolic and diastolic blood pressure with increasing chest-circumference-to-height ratio in both men and women. In another investigation, Weinsier et al 28 performed blood pressure measurements and anthropometric measurements of height, weight, Body build, obesity and hypertension A Kroke et al several circumferences and skinfolds in 399 men and women. Body build was also determined by the chest circumference-to-height-ratio. A more lateral body build, de®ned as a relatively high chest-to-heightratio, was found to be independently associated with mean arterial blood pressure. The presumed advantage of using measures of skeletal body build in risk assessment for hypertension, was the underlying concept that these features are measurable early in life, for example, in early adulthood. This would allow the identi®cation of persons at higher risk of disease, at a time when other risk factors, such as obesity, might not have developed.
Several studies reported blood pressure measurement to be biased due to the use of an inappropriate cuff-size in relation to upper arm circumference. 29 In order to examine the extent of this potential bias in our data, further adjustment for upper arm circumference in the multivariate regression models was conducted, resulting in unchanged risk estimates for all anthropometric variables in the model, except for BMI in women. The ORs for BMI in women decreased slightly, which is probably the effect of the high correlation of the upper arm circumference with BMI in women.
The results of our study con®rm the previously described association between overall obesity and fat distribution pattern with hypertension. 30 ± 35 Current understanding of the pathophysiological mechanisms underlying the relationship between obesity and hypertension is based on the central role of insulin resistance. 36 ± 38 Previous studies have shown intraabdominal fat cells, especially those directly connected to the portal circulation, to be metabolically [39] [40] [41] Therefore, mainly visceral fat deposition, in contrast to peripherally located fat, is held responsible for the observed insulin resistance associated with obesity. Possibly, there is a link between skeletal body build and visceral fat cell distribution. A relative surplus of these fat cells with their speci®c metabolic effects in certain types of body build might explain the observed effect of body build on hypertension, independent of other measures of obesity.
Thoracic dimensions as well as body height are known to be related to measures of pulmonary function such as forced vital capacity (FVC). 42 ± 45 Several prospective studies reported a signi®cant independent association between FVC and the risk of hypertension. 46 ± 48 The protective effect of a high FVC on hypertension risk is not entirely understood so far. If a pyknomorphic body build were associated with low FVC, this might be an explanation for the observed association between MIX and hypertension prevalence. However, data on this relationship could not be identi®ed in the literature.
Therefore, the underlying mechanism to explain the association between body build and hypertension, although assumed to be genetically in¯uenced, remains to be elucidated.
Anthropometric measurements have been found to be signi®cantly affected by observer dependent measurement error. 49 ± 51 The reliability of anthropometric measurements applied in this study were investigated in a substudy. Within and between observer variation indicated a small degree of measurement error af¯ict-ing anthropometric measurements in this study. 52 Furthermore, measurement accuracy for MIX might be affected by subjects characteristics such us upper body subcutaneous fat, thereby confounding the observed relation between body build and hypertension. However, the inclusion of subscapular skinfold thickness into the logistic regression models did not substantially change the risk estimates for MIX. Therefore, subscapular skinfold thickness was not included in the logistic regression model. Skeletal body build assessment by MIX is based on measurements of chest breadth, chest depth and body height, which are all bony landmarks. To which extent these bony landmarks are stable measures in adults, (that is, independent of changes with weight gain or age), has not been clearly determined so far. Analysis of cross-sectional data revealed a higher MIX in older age groups, 53 which could at least be due partly to a cohort effect. Since this analysis used cross-sectional data, and both exposure and outcome variables are known to be related to age, it cannot be ruled out that the observed results were to some extent due to confounding. However, in order to minimize this bias, all statistical models were adjusted for age.
Blood pressure measurement in this study was performed with automated oscillometric devices. A validation study (n 400) within our cohort compared simultaneous blood pressure measurements derived from the automated device and from an observer-obtained aneroid sphygmomanometer. Mean systolic blood pressure from the two methods differed by 0.2 mmHg and diastolic blood pressure differed by 0.5 mmHg. 54 Therefore, it is unlikely that our results were not reproducible with aneroid measurements.
The main limitation of this study is its crosssectional design, which does not allow to draw any conclusions regarding cause and effect. Furthermore, the low participation rate and the non-representativeness of the sample might result in selection bias and a limited generalizability. Since data on all known risk factors for hypertension were not available (for example, family history), confounding might have occurred. Finally, the role of chance cannot be ruled out completely.
Conclusion
In summary, we observed an association between skeletal body build (as measured by MIX) and the prevalence of hypertension that was found to be independent from overall and central obesity. A connection between body build and visceral fat distribution has been hypothesized, however, the biological mechanism relating MIX to hypertension is still unclear and needs further exploration. The predictive value of MIX with respect to hypertension risk will have to be evaluated in the prospective data of this cohort study.
